wo 00/09557 Al 



Job No.: 1505-80958 

Translated from Japanese by the Ralph McElroy Translation Company 
910 West Avenue, Austin, Texas 78701 USA 



INTERNATIONAL PATENT OFFICE 
WORLD ORGANIZATION FOR INTELLECTUAL PROPERTY 
International patent published on 
the basis of the Patent Cooperation Treaty 
INTERNATIONAL PUBLICATION NO. WO 00/09557 Al 



International Patent Classification 



International Filing No.: 
International Filing Date: 
International Publication Date: 
Priority 

Date: 

Country: 

No.: 

Designated States: 



C07K 
C 12N 

C 12? 
(C 12 P 
C 12R 



14/47 
15/12 
//5/10 
21/02 
21/02 
1:91) 



PCT/JP99/04352 
August 11, 1999 
February 24, 2000 



August 12, 1998 
JP 

Hei 10[1998]-227723 

AU, CA, CN, KR, US, European 
patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, 
MC,NL, PT, SE) 



NOVEL GENE AND PGTH PROTEIN ENCODED THEREBY 



Inventors and 

Inventors/ Applicants (only for US): 



Osamu Ohara; 
Takahiro Nagase; 
Nobuo Nomura 

Kazusa DNA Research Institute 
Foundation 

1 532-3 Yakuni, Kisarazu-shi, 
Chiba-ken (JP) 



Kiyoshi Takayama 

Hitoshi Toyoda; 

Makoto Yoshimoto 

Taisho Pharmaceutical Co., Ltd. 

3-24-1 Takata, Toshima-ku, 

Tokyo-to(JP) 

Applicant (for all designated 

states other than US): Kazusa DNA Research Institute 

Foundation 
1532-3 Yakuni 
Kisarazu-shi, Chiba-ken (JP) 

Taisho Pharmaceutical Co., Ltd. 
3-24-1 Takata, Toshima-ku, 
Tokyo-to (JP) 

Agent: Tomizo Kitagawa 

Taisho Seiyaku K.K. 
3-24-1 Takata, Toshima-ku, 
Tokyo-to (JP) 



Published 

With Inlcmalional Search Report. 



FOR INFORMATION ONLY 
Codes for the identification of PCT contract states on the cover sheets of the 



AE United Arab Emirates 

AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia-Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Bemn 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African 

Republic 

CG Congo 

CH Sv^tzerland 

CI Cote d'lvoire 

CM Cameroon 

CN China 

CR Costa Rica 

CU Cuba 

CY Cyprus 

CZ Czech Republic 

DE Germany 

DK Denmark 

DM Dominica 

EE Estonia 

ES Spain 

FI Finland 

FR France 

GA Gabon 

GB United Kingdom 

GD Grenada 

GE Georgia 

GH Ghana 

GM Gambia 

GN Guinea 

GR Greece 

HR Croatia 

HU Hungary 

ID Indonesia 

IE Ireland 

IL Israel 

IN India 

IS Iceland 

IT Italy 

JP Japan 

KE Kenya 

KG Kyrgyzstan 



KP 


Democratic People's 




Republic of Korea 


KR 


South Korea 


KZ 


Kazakhstan 


LC 


Saint Lucia 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LS 


Lesotho 


LT 


Lithuania 


LU 


Luxembourg 


LV 


Latvia 


MA 


Morocco 


MC 


Monaco 


MD 


Republic of Moldavia 


MG 


Madagascar 


MK 


Macedonia (former 




Yugoslavian Republic 




of Macedonia) 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


MX 


Mexico 


NE 


Nieer 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SL 


Sierra Leone 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


TZ 


Tanzania 


UA 


Ukraine 


UG 


Uganda 


US 


United States of 




America 


uz 


Uzbekistan 


VN 


Vietnam 



YU Yugoslavia 
ZA South Africa 
ZW Zimbabwe 



• 



4 



Field of the technology 

This invention pertains to a novel PGTH protein of human brain origin having a 
prostaglandin transport activity and the pgth gene encoding the protein. 

Prior art 

Prostaglandin is a generic name for a series of physiologically active lipids such as 
prostaglandin E, prostaglandin D, prostaglandin F, prostaglandin I, prostaglandin J, etc. 
Prostaglandin is a physiologically active substance inside the body strongly related to control of 
physiological functions such as blood flow rate, sleeping, gastric mucosa protective action, 
thrombus formation, pregnancy, etc., through specific cell membrane or intranuclear receptors. 

Prostaglandin is produced inside cells as a result of eicosapolyenic acids such as 
arachidonic acid, etc., being cut out by phospholipase A2 from the cell membrane and converted 
^ith cyclooxygenase and various prostaglandin synthetic enzymes by responding to various 
physiological stimuli, and after being released outside the cells, it has autocrine or paracrine 
effects. On the other hand, liberated prostaglandin is also circulated in the blood flow, taken up 
by a specific cell, metabolized and so disappears. 

A trace amount of prostaglandin shows a strong physiological activity, and consequently, 
the production of prostaglandin compounds is strictly controlled by controlling the activity of 
production-related and metabolism-related enzymes. 

However, prostaglandin has been reported to be unable ta pass through the Hpid double 
layer of the cell membrane by itself Therefore, as a prostaglandin transport mechanism, the 
presence of a special protein has been presumed in the process of prostaglandin produced inside 
a cell exiting it and the process of prostaglandin circulating in the blood flow being taken up into 
a specific cell. 

As a protein involved in the transport mechanism described above, prostaglandin transporter 
(abbreviated hPGT: human prostaglandin transporter, below) has been reported, but it is not a 
protein involved in the transport of all prostaglandin compounds, and there are many xmclear 
points. Consequently, it is thought that if a biological molecule other than hPGT involved in the 
transport mechanism can be elucidated, the biological molecule found might be usable directly as 
a medical drug or indirectly as a compound for studying compounds that might be usable as a 
medical drug. Therefore, the objective of this invention is to identify such a molecule and use it 
as a medical drug or for the development of medical drugs. 



Presentation of the invention 

The inventors of this invention studied dihgently to find the desired protein by using 
genes expressed in the human brain, and as a resuU, they found the presence of a novel PGTH 
protein (prostaglandin transporter homologue), successfully isolated a pgth gene encoding the 
protein, and they arrived at this invention. 

Specifically, this invention pertains to (a) a protein having the amino acid sequence 
described in sequence No. 1 or (b) a protein having an amino acid sequence with 1 to several 
amino acids deleted, substituted or added to the amino acid sequence of sequence No. 1, and 
having a prostaglandin transport activity. 

Furthermore, this invention also pertains to (c) a gene comprising DNA described 
sequence No. 2 or (d) DNA which can be hybridized with the DNA of sequence No. 2 under 
stringent conditions and which encodes a protein having a prostaglandin transport activity. 

The pgth gene of this invention can be isolated as a cDNA fragment containing the gene 
from a cDNA library of human brain origin. The cDNA library used by the inventors of this 
invention was prepared based on commercially available mRNA of human brain origin from the 
Clonetech Co. 

As a method for identifying the cDNA encoding a protein having a prostaglandin 
transport activity in the cDNA library described above, the method of Ohara, et al, (DNA 
Research 4: p 53, 1997) was used as an extensive cDNA library analysis method using a 
long-chain cDNA library. From a long-chain cDNA library of human brain origin prepared by 
the method of Ohara, et al., 25,000 recombinants are randomly selected, the 5' and 3* - base 
sequences of the cDNA from 15,000 clones were determined, and a clone showing homology to 
the gene encoding hPGT already reported from the 5' sequences of all the clones can be found by 
using a DNA analysis program (BLAST and FastA). 

The presence of a region encoding the protein (ORF: open reading frame) in the base 
sequence can be confirmed by a conventional method using a computer program. After 
becoming confident of the presence of the desired gene in the cDNA sequence, the inventors of 
this invention found one ORF in the sequence by utilizing a computer, the gene was named pgth, 
and the protein encoded by the gene was named PGTH. The PGTH of the invention is a protein 
comprising a total of 709 amino acid residues and having a molecular weight of about 80 kd. 

The invention pgth is a gene comprising 2130 bp shown in sequence No. 2. By using this 
pgth and conventional genetic recombination techniques using a suitable host vector system, it is 
possible to prepare a recombinant gene. As a suitable vector, there are plasmids ofE. coli origin 
(such as pBR322, pUCl 18, etc.), of Bacillus subtilis origin, (such as pSH19, etc.) yeast origin 
plasmid (such as pUB 1 1 0, pCl 94, etc.), bacteriophages, animal viruses such as retroviruses, 
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vaccinia virus, etc., etc. At the time of recombination, it is possible to add translation initiation 
and termination codons using suitable DNA adaptors. Furthermore, for gene expression, a 
suitable expression promoter is attached upstream of the gene. The promoter to be used is 
suitably selected depending on the host used. For example, if the host is E, coli, there are T7, lac, 
trp, XVh promoters, etc.; if the host is a Bacillus, there are SPO promoters, etc.; if the host is a 
yeast, there are PH05, GAP, ADH promoters, etc.; and if the host is an animal cell, there are 
SV40-origin, retrovirus promoters, etc. 

Furthermore, the gene may be expressed as a fused protein with another protein (such as 
glutathione-S-transferase, protein A, etc.). In the case of a fused PGTH prepared by using such a 
method, a suitable protease (such as thrombin, etc.), may be used to cut out the protein. 

As a host usable in the case of PGTH expression, there are various strains of Escherichia 
coli, various strains of Bacillus subtilis, various strains of the yeast Saccharomyces cerevisiae 
and animal cells such as COS-7, CHO cells, etc. 

As a method for transforming a host cell using the above recombinant vector, a specific 
method conventionally used to transform the selected host cell is used. 

Incidentally, in this invention, DNA which has a DNA sequence other than that shown in 
sequence No. 2 which can be hybridized with the DNA and encodes a protein having a 
prostaglandin transport activity, is also included in the scope of this invention. 

Specifically, DNA which has a DNA sequence, the total length of the pgth sequence, 
partially changed due to various artificial treatments such as random mutations, introduction of 
site-specific mutations, or mutagen treatment, DNA fragment mutation, deletion ligation after 
scission with restriction enzymes, is also included in the scope of this invention in spite of 
having a DNA sequence different from that of sequence No. 2 as long as such a DNA variant can 
be hybridized with pgth under stringent conditions and encodes a protein having a prostaglandin 
transport activity. 

The extent of the above DNA mutation is within the allowable range if the variant has 
90% or higher homology with the DNA sequence of pgth. Furthermore, as an extent of 
hybridization with pgth, Southern hybridization with pgth may be carried out under conventional 
conditions, for example, in the case of probe labeling with a DIG DNA Labeling kit 
(Boehringer-Mannheim Cat. No. 1 175033), hybridization conditions of a DIG Easy Hyb solution 
(Boehringer-Mannheim Cat. No. 1603558) at 32''C and washing of the membrane in a 5X SSC 
solution (containing 0.1% w/v SDS) at 50°C (IX SSC comprises 0.15M NaCI and 
0,01 5M sodium citrate). 



Furthermore, a protein encoded by the gene variant which is highly homologous to pgth 
as described above and has a prostaglandin transport activity is also included in the scope of this 
invention. 

Specifically, a variant having one or more amino acids deleted, substituted or added to 
the amino acid sequence of PGTH is included in the scope of this invention as long as this 
variant is a protein having a prostaglandin transport activity. 

The side chains of the amino acids, which are the constituent elements of proteins are 
respectively different with respect to hydrophobicity, electrical charge, size, etc., but several 
highly conservative relationships in the meaning of practically not affecting the 
three-dimensional structure (it is also called the steric structure) of proteins have been known 
fi-om experiences or actual physicochemical observations. For example, for substitution of amino 
acid residues, there are glycine (Gly) and proline (Pro), Gly and alanine (Ala) or valine (V al), 
leucine (Leu) and isoleucine (He), glutamic acid (Glu) and glutamine (Gin), aspartic acid (Asp) 
and asparagine (Asn), cysteine (Cys) and threonine (Thr), Thr and serine (Ser) or Ala, lysine 
(Lys) and arginine (Arg), etc. 

Therefore, any variant protein due to substitution, insertion, deletion, etc., in the amino 
acid sequence of the PGTH shown in sequence No. 1 can be said to be within the scope of this 
invention if the variation is a variation which conserves the three-dimensional structure of the 
PGTH, and the protein is a protein having a prostaglandin transport activity similar to PGTH. 
The allowable extent of this variation is 90% or higher homology with the amino acid sequence 
shown in sequence No. 1 . 

Industrial application field 

The abnormal expression of pgth or functional failure of PGTH is presumed to be a 
critical disorder because PGTH has a prostaglandin transport activity, and consequently the 
normal prostaglandin production mechanism of the body is lost. 

Therefore, PGTH itself is considered to be usefiil as a drug, and on the other hand, pgth 
or PGTH may be used for effectively studying or evaluating a substance having the same 
fimction as that of PGTH, a substance promoting or inhibiting its fiinction, a substance 
promoting the expression of the gene, etc. 

Best embodiment of the present invention 

This invention is explained further in detail using application examples as follows, but 
this invention is certainly not limited to these application examples. Incidentally, unless 
specified, the experimental procedures used in the following application examples are those 
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described in standard experimental manuals such as Molecular Cloning, 2" ed. (Cold Spring 
Harbor Laboratory Press, 1989), etc., and the operating manuals in conmiercially available kits, 
and they can be carried out under the conditions recommended for the respective commercially 
available products such as restriction enzymes, etc. 

A pplication Example 1 Cloning of pgth 

1) Construction of a long chain cDNA library of human brain origin 

An oligonucleotide (GACTAGTTCTAGATCGCGAGCGGCCGCCC(T)i5) containing a 
NotI site was synthesized using a DNA synthesizer (ABI380B). It was used as a primer, and a 
double chain cDNA was synthesized using mRNA of human brain origin as a template and the 
Superscript II reverse transcriptase kit (Gibco BRL). The ligation of the synthetic DNA was 
carried out with the cDNA and Sail site-containing adapter (Takara Shuzo), subsequently, NotI 
digestion was carried out, and cDNA fragments of 3 kb or larger were purified using 
electrophoresis with a 1% concentration of low-melting agarose. 

After ligation of the purified cDNA fragments with a Sall-NotI restriction enzyme-treated 
pBluescriptllSK-f plasmid, the recombinant plasmids were introduced into E. coli ElectroMax 
DHIOB strain (Gibco BRL) using the electroporation method. Subsequently, 25,000 
recombinants were randomly selected fi-om the library, the recombinant DNAs were extracted, 
and the 5*- and 3'-base sequences of the cDNAs of 15,000 clones were determined. For the 
sequence determination, a PE Applied Bibsystem Co., DNA sequencer (ABI PRISM377) and the 
reaction kit from the same company were used. 

2) Selection of clones containing the pgth sequence 

The 5 sequences of all the clones determined in 1) were compared with the sequence of 
hPGT already reported using DNA analytical programs (BLAST and FastA), and as a result, a 
clone named HK07457 showed significant homology. 

3) DNA fragment base sequence determination 

The base sequence determination was carried out using a PE Applied Biosystem Co. 
DNA sequencer and the dye primer method. The sequence was mostly determined using the 
shotgun method, and for a portion of the base sequence, an oligonucleotide was synthesized 
based on the base sequence already determined, and the primer walking method was used to 
determine the entire base sequences of the two chains. The entire base sequence of the cDNA of 
the clone is shown in sequence No. 3. 



The cDNA contains an ORF encoding a protein (PGTH) comprising 709 residues. A 
termination codon was found to appear in the upstream region of a methionine residue, which 
was an initiation codon of the protein, with the same reading frame. Therefore, the amino acid 
sequence shown in sequence No. 3 was confirmed to be the only possibility as an amino acid 
sequence of the protein encoded by the cDNA fragment. 

Figure 1 shows the amino acid homology between already reported hPGT and the PGTH 
of this invention. The two show high homology, especially, the position of the cysteine residue 
present at the C-terminal of PGTH is preserved, and the if^ residue glutamine, 56 1'^ residue 
arginine and 614*^ residue lysine of hPGT, which are amino acids especially important for the 
transport activity, are also preserved in PGTH. 

Application Example 2 

Confirmation of protein expression by in vitro translation of pgth 

The plasmid containing pgth prepared in Application Example 1 was treated with RNase 
A, subsequently, RNase A was removed using ADVAMAX beads (AGTC Co.), and in vitro 
translation was carried out using a TNT T7 coupled reticulocyte lysate system (Promega Co.) in 
the presence of (^■'^S)-methionine. A portion of the reaction mixture was separated by 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE), and the analysis carried out using 
BAS-2000 (Fuji Shashin Kogyo). As a result, the presence of a single band at about 80 kd was 
confirmed as shown in Figure 2. 

Application Example 3 

Constmction of animal cell expression vector 

1) AmpUfication of ORF-containing cDNA 

An oligonucleotide (following sequence 1) having a sequence upstream from the 
initiation codon of the protein of sequence No. 3 and oUgonucleotide (following sequence 2) 
having a sequence of a portion downstream from the termination codon of the protein and the 
reverse complementary strand chain were synthesized using a DNA synthesizer (ABI Co., Model 
380B). 

Sequence 1 

5-CTGGAGCTCACTGCACTCCAGCAGTC-3 
Sequence 2 

5-AGCTCACACTCGGGAATCCTCTGGCTTC-3 
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The recombinant cDNA containing sequence No. 3 isolated in application example 1 was 
used as a template, the oligonucleotides of the sequences 1 and sequences 2 were used as a 
primer, and the following PGR procedures were carried out using a Takara LA PGR kit Ver. 2 
and the PGR thermal cycler MP (Takara Shuzo). 

cDNA 5^L(10ng) 

1 OX PGR buffer (containing 25 mM Mg^ 5 ^L 

2.5 mM dNTP 8 ^L 

10 nM Sequence 1 2 ^L 

10 nM Sequence 2 2 ^L 

Water 27.5 \iL 

LA Taq polymerase 0.5 \iL 

Total amount 50 ^L 

The PGR cycle was carried out by holding at 94°C for 2 mn, carrying out the reaction at 
98°G for 20 sec, cooling to 68°G at a rate of rC/2 sec, holding at 68°C for 3 min, at 72°G for 10 
min, and repeating 30 times. 

The above method was used to amplify a DNA fragment (about 2.2 kb) having a portion 

of sequence No. 3. 

2) Subcloning to an animal cell expression vector 

The DNA fragment amplified in 1) was fractionated by 1% agarose gel electrophoresis. 
After staining the gel with ethidium bromide, the gel containing the desired band observed under 
ultraviolet irradiation was cut out. The extraction of the DNA fragment from the agarose gel and 
purification were carried out using a GENEGLEAN II Kit (Biol 01 Go.) 

The extracted and purified DNA fragment was subcloned to animal cell expression vector 
pTARGET (Promega Go.) The ligation solution used was a Takara Ligation Kit Ver. 2 (Takara 
Shuzo), and the reaction was carried out with the following composition at 16°C for 1.5 h. 

Extracted and purified DNA fragment 1 ^L (50 ng) 

PTARGET lnL(lOng) 

Water 3 ^L 

Ligation solution LuL 

Total 10 nL 

The reaction solution after the above reaction was used to transform the E. coli K12 strain 
DH5. The transformant was inoculated on an LB agar medium containing 50 ng/mL of 
ampicillin (Amp), 40 ^g/mL of 5-bromo-4-chloro-3-indolyl-P-D-galactoside (IPTG) [sic; 
isopropyl-P-D-thioglucopyranoside] and 100 nM of isopropyl-b-D-thiogalactopyranoside 
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(X-gal) [sic; 5-bromo-4-chloro-3-indolyl-|3-D-galactopyranoside] *and cultivated overnight at 
37°C. 

Each colony that developed on the above plate was inoculated in 1 0 mL of an LB liquid 
medium containing 50 ng/mL of Amp, cultivation was carried out overnight at 37°C, the 
biomass was collected by centrifiigation. and subsequently the recombinant DNA was purified 
using a QIAprep Spin Plasmid Miniprep Kit (Qiagen Co.) to obtain pTARGETpgth. 

3) Determination of the base sequence of the inserted cDNA 

The base sequence determination was carried out using a DNA sequencer (ABI Co., 
Model PRISM377) and the dye terminator method, and the whole base sequence of the two 
chains was determined using the primer walking method. The clone was found to contain all of 
the region between sequences 1 and 2 among sequence No. 3 confirming that the desired gene 
pTARGETpgth had been cloned. 

A pplication Example 4 

Insertion into CHOkl cells and stable transformant preparation 

The recombinant DNA, pTARGETpgth, prepared in Application Example 2 has a CMV 
promoter upstream of pgth, and if it is inserted into an animal cell, the expression of pgth is 
possible. 

CHOkl cells were cultured in 60 mm diameter plastic Petri dishes. As the culture 
medium. Ham F-12 (Gibco, called growth medium, below) containing 10% fetal bovine serum 
(Dainippon Seiyaku), 50 U/mL of penicillin and 50 ^g/^lL of streptomycin was used, and culture 
was carried out at 37°C in the presence of 5% CO2. When the cell density was 50%, 
LIPOFECTAMINE reagent (Gibco) containing pTARGETpgth prepared in Application Example 
2 was added in a layer over the cells, incubated for 6 h, and, after replacement with the growth 
medium, culture was continued for 48 h. After dispersing the cells with trypsin, the cell 
suspension was placed in a 60 mm diameter plastic Petri dish, and culture was carried out for 24 
h. After removing the culture medium, it was replaced by growth medium containing G418 
(Gibco, final concentration of 500 ng/mL). The G418 medium was changed every 3 days and 
culture continued for 2 weeks. When the cell colonies were observable with the naked eye, 3 
colonies were isolated using stainless steel cups. As a control, only the pTARGET vector 
(Promega Co.) was inserted into CHOkl cells by carrying out the same procedures as those 
described above to isolate a stable transformant. 



' [Editor's note: Hie compound names and abbreviations are so garbled in the original text that it is impossible to 
certain whether it should be 40 fig/mL IPTG and 100 jim X-gal, or vice-versa.] 



washed with a suitable buffer solution containing bovine serum albumin, and culture was 
continued for 20 min using a buffer solution containing (^H)-labeled PGE2 (Amersham Co.). 
After washing the cells, they were recovered, and the radioactivity taken up was measured. As a 
result, the prostaglandin transport activity of the CHOkl cells with pgth inserted was statistically 
significantly higher than that of the CHOkl cells with only the control vector inserted. 

Application Example 6 

Expression of pgth mRNA in human macrophages loaded with oxidized LDL 

1) Preparation of human macrophages loaded with oxidized LDL and normal monocyte cDNA 

Normal monocyte cDNA was prepared using RNA prepared with Trizol (Gibco BRL 
Co.) from CD14-positive monocytes from human peripheral blood as a template and the 
Superscript II reverse transcriptase kit (Gibco BRL). Human macrophages loaded with oxidized 
LDL were prepared by culturing normal monocytes in a RPMM640 medium (Dainippon 
Seiyaku) containing 20% AB serum and antibiotics for 14 days, adding human LDL oxidized 
with copper sulfate using conventional procedures (oxidized LDL) in the final concentration of 
40 \i/mL [sic; dimension incorrect] and continuing culture for 24 h. A method similar to that 
used for normal monocytes was used to prepare cDNA. 

2) Confirmation of pglh mRNA expression by the RT-PCR method 

Oligonucleotides (following sequence 3) having a sequence contained in sequence No. 2 and 
oligonucleotides (following sequence 4) having the sequence of the reverse complementary 
strand were respectively s>Tilhesized using a DNA synthesizer (ABI Co., Model 380B). 

Sequence 3 

5-GCTCCTGCCCATTGGACGGGTTTAACC-3 
Sequence 4 

5-TCACACTCGGGAATCCTCTGGCTTC-3 

The cDNA prepared in (1) was used as a template, the oligonucleotides with sequences 3 and 4 
were used as primers, and the following PGR procedures were carried out using a Takara LA 
PGR kit Ver. 2 and the PGR thermal cycler MP (Takara Shuzo). 

cDNA 2^L(40ng) 

1 OX PGR buffer (containing 25 mM Mg^) 1 .5 ^iL 

2.5 mM dNTP 2.4 \iL 
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10 Sequence 3 0.4 ^iL 

1 0 nM Sequence 4 0.4 ^L 

Water 10.15 ^iL 

LA Taq polymerase 0. 1 5 ^iL 

Total amount 15 



The PGR cycle was carried out by holding at 94°C for 5 min, carrying out the reaction at 
94°C for 1 min, holding at 58X for 1 min, furthermore at 72°C for 1 min, and repeating 30 
times. The PGR reaction mixture was fractionated using 1% agarose gel electrophoresis. After 
staining the gel with ethidium bromide, the ultraviolet irradiation was carried out to detect an 
amplified band at about 500 bp. Similarly, the glyceraldehyde 3-phosphate dehydrogenase gene 
amplified primer (G3PDH, Glonetech Go.) was used as the standard cDNA for PGR testing. As a 
result, the expression of pgth mRNA was strongly induced in the macrophages loaded with 
oxidized LDL, as shown in Figure 3. 

Normal monocytes, macrophages loaded with oxidized LDL or equivalent cultured cells 
may be cultured with a test compound added, and subsequently the change in the PGTH mRNA 
may be measured by the method described above to screen any substance controlling PGTH 
mRNA expression. 

Brief description of the figures 

Figure 1 shows comparison of amino acid sequence homology between hPGT and the 
PGTH of this invention. 

Figure 2 shows the results of SDS-PAGE of PGTH expressed using the in vitro 
translation method using pgth. 

Figure 3 shows the results of detection of mRNA for the expression of pgth in hvmian 
macrophages loaded with oxidized LDL using the RT-PGR method. In the figure o shows the 
results for human macrophages loaded with oxidized LDL, and m shows the results for normal 
human monocytes. 

Glaims 

(1) A protein of the following (a) or (b). 

(a) Protein comprising the amino acid sequence of sequence No. 1 

(b) Protein comprising an amino acid sequence with one or more amino acids deleted, 
substituted or added to the amino acid sequence of sequence No. 1, and, at the same time, having 
a prostaglandin transport activity. 




(2) DNA of the following (a) or (b). 

(a) DNA comprising the base sequence of sequence No. 2 

(b) DNA which can be hybridized with the DNA of sequence No. 2 under stringent 
conditions and at the same time, encodes a protein having a prostaglandin transport activity. 
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SEQUENCE 



LISTING 



<1I0> TAISHO PHARMACEUTICAL CO., Lid. 

<1 20> Prostaglandin 

<130> P487 

<150> JPlO-227723 

<151> 1998-08-12 

<160> 3 

<210> 1 

<2n> 709 

<212> PRT 

<2I3> Homo sapience 

<400> 1 



Mel G!y Pro Arg He Gly Pro Ala Gly Glu Val Pro Gin Val Pro 

5 10 15 

Asp Lys Glu Thr Lys Ala Thr Mel Gly Thr Glu Asn Thr Pro Gly 

20 25 30 

Gly Lys Ala Ser Pro Asp Pro Gin Asp Val Arg Pro Ser Val Phe 

35 40 45 

His Asn He Lys Leu Phe Val Leu Cys His Scr Leu Leu Gin Leu 

50 55 60 

Ala Gin Leu Mel He Ser Gly Tyr Leu Lys Ser Ser He Ser Thr 

65 70 75 

Val Glu Lys Arg Phe Gly Leu Ser Ser Gin Thr Ser Gly Leu Leu 

80 85 90 

Ala Ser Phe Asn Glu Vai Gly Asn Thr Ala Leu He Val Phe Val 

95 100 105 

Ser Tyr Phe Gly Ser Arg Val His Arg Pro Arg Met He Gly Tyr 

HO H5 120 

Gly Ala He Leu Val Ala Leu Ala Gly Leu Leu Met Thr Leu Pro 

125 130 135 

His Phe He Ser Glu Pro Tyr Arg Tyr Asp Asn Thr Ser Pro Glu 

140 145 150 

Asp Mel Pro Gin Asp Phe Lys Ala Ser Leu Cys Leu Pro Thr Thr 

155 160 165 

Ser Ala Pro Ala Ser Ala Pro Ser Asn Gly Asn Cys Ser Ser Tyr 

170 175 180 
Thr Glu Thr Gin His Leu Ser Val Val Gly He Mcl Phe Val Ala 



185 



190 



195 



1 
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Gin 


Tbr 


Leu 


Leu 


Gly 
200 


Val 


Gly 


Gly 


Val 


Pro 
205 


lie 


Gin 


Pro 


Phe 


Gly 

*i 1 n 
1 1 U 


lie 


Ser 


Tyr 


lie 


Asp 
215 


Asp 


Phe 


Ala 


His 


Asn 
220 


Ser 


Asn 


Ser 


Pro. 


Leu 

0 *t z 


Tyr 


Leu 


Gly 


lie 


Leu 
230 


Phe 


Ala 


Yal 


Thr 


Met 

235 


Met 


Gly 


Pro 


Gly 


Leu 

*) A f\ 


Ala 


Phe 


Gly 


Leu 


Gly 
245 


Ser 


Leu 


Met 


Leu 


Arg 

o r n 

250 


Leu 


Tyr 


Yal 


Asp 


lie 

9 C C 

Z5 5 


Asn 


Gin 


Mel 


Pro 


Glu 
260 


Gly 


Gly 


He 


Ser 


Leu 

1 e r 

265 


Tbr 


He 


Lys 


Asp 


Pro 

Z ( U 


Arg 


Trp 


Val 


Gly 


Ala 
275 


Trp 


Trp 


Leu 


Gly 


Phe 
280 


Leu 


He 


Ala 


Ala 


Gly 

Zoo 


Ala 


Yal 


Ala 


Leu 


Ala 
290 


Ala 


lie 


Pro 


Tyr 


Phe 
295 


Phe 


Phe 


Pro 


Lys 


Glu 

0 n A 


Met 


Pro 


Lys 


Glu 


Lys 
305 


Arg 


Glu 


Leu 


Gin 


Phe 
310 


Arg 


Arg 


Lys 


Val 


Leu 

3 1 5 


Ala 


Yal 


Thr 


Asp 


Ser 
320 


Pro 


Ala 


Arg 


Lys 


Gly 
325 


Lys 


Asp 


Ser 


Pro 


Ser 

9 0 A 


Lys 


Gin 


Ser 


Pro 


Gly 
335 


Glu 


Ser 


Thr 


Lys 


Lys 
340 


Gin 


Asp 


Gly 


Leu 


Yal 
o4 b 


Gin 


He 


Ala 


Pro 


ASD 

350 


Leu 


Thr 


Yal 


lie 


Gin 
355 


Phe 


He 


Lys 


Val 


Phe 
360 


Pro 


Arg 


Yal 


Leu 


Leu 
365 


Gin 


Thr 


Leu 


Arg 


His 
370 


Pro 


He 


Phe 


Leu 


Leu 

37 5 


Vai 


Yal 


Leu 


Ser 


Gin 
380 


Yal 


Cys 


Leu 


Ser 


Ser 
385 


Met 


Ala 


Ala 


Gly 


Mel 

4 n n 

390 


Ala 


Thr 


Phe 


Leu 


Pro 
395 


Lys 


Phe 


Leu 


Glu 


Arg 
400 


Gin 


Phe 


Ser 


He 


Thr 

40b 


Ala 


Ser 


Tyr 


Ala 


Asn 
410 


Leu 


Leu 


lie 


Gly 


Cys 
41 5 


Leu 


Ser 


Phe 


Pro 


Ser 
420 


Val 


lie 


Val 


Gly 


lie 
425 


Yal 


Val 


Gly 


Gly 


Yal 
430 


Leu 


Val 


Lys 


Arg 


Leu 
435 


His 


Leu 


Gly 


Pro 


Yal 
440 


Gly 


Cys 


Gly 


Ala 


Leu 
445 


Cys 


Leu 


Leu 


Gly 


Met 

i C A 

4bu 


Leu 


Leu 


Cys 


Leu 


Phe 
455 


Phe 


Ser 


Leu 


Pro 


Leu 
460 


Phe 


Phe 


He 


Gly 


Cys 
465 


Ser 


Ser 


His 


Gin 


He 
470 


Ala 


Gly 


lie 


Thr 


His 
47 5 


Gin 


Thr 


Ser 


Ala 


His 

4 oU 


Pro 


Gly 


Leu 


Glu 


Leu 
485 


Ser 


Pro 


Ser 


Cys 


Met 

49U 


Glu 


Ala 


Cys 


Ser 


Cys 
4 y 0 


Pro 


Leu 


Asp 


Gly 


Phe 
500 


Asn 


Pro 


Yal 


Cys 


Asp 

C ft c 

bOb 


Pro 


Ser 


Thr 


Arg 


Yal 


Glu 


Tyr 


lie 


Thr 


Pro 
515 


Cys 


His 


Ala 


Gly 


Cys 

c *i n 


Ser 


Ser 


Trp 


Val 


Val 

t •> c 
0 Zb 


Gin 


Asp 


Ala 


Leu 


Asp 
530 


Asn 


Ser 


Gin 


Val 


Phe 
535 


Tyr 


Thr 


Asn 


Cys 


Ser 
540 


Cys 


Yal 


Val 


Glu 


Gly 
545 


Asn 


Pro 


Yal 


Leu 


Ala 
550 


Gly 


Ser 


Cys 


Asp 


Ser 
555 


Tbr 


Cys 


Ser 


His 


Leu 
560 


Yal 


Val 


Pro 


Phe 


Leu 
565 


Leu 


Leu 


Yal 


Ser 


Leu 
570 



2 



wo 00/09557 ^^/JP99/04352 

Gly Ser Ala Leu Ala Cys Leu Thr His Thr Pro Scr Phc Mcl Leu 

575 580 585 

He Leu Arg Gly Val Lys Lys GIu Asp Lys Thr Leu Ala Val. Gly 

590 595 600 

He Gin Phe Met Phe Leu Arg He Leu Ala Trp Mel Pro Ser Pro 

605 610 615 

Val He His Gly Ser Ala He Asp Thr Thr Cys Val His Trp Ala 

620 625 630 

Leu Ser Cys Gly Arg Arg Ala Val Cys Arg Tyr Tyr Asn Asn Asp 

635 640 645 

Leu Leu Arg Asn Arg Phc He Gly Leu Gin Phe Phe Phc Lys Thr 

650 655 660 

Gly Ser Val He Cys Phe Ala Leu Val Leu Ala Val Leu Arg Gin 

665 670 675 

Gin Asp Lys GIu Ala Arg Thr Lys Glu Ser Arg Ser Ser Pro Ala 

680 685 690 

Val GIu Gin Gin Leu Leu Val Ser Gly Pro Gly Lys Lys Pro Glu 

695 700 705 

Asp Ser Arg Val 
709 



<2I0> 2 
<2H> 2130 
<212> DNA 

<213> Homo sapience 
<400> 2 

10 20 30 40 50 60 

atgggaccca ggaiagggcc agcggglgag gtaccccagg laccagacaa ggaaaccaaa 60 

gccacaatgg gcacagiaaa cacicctgga ggcaaagcca gcccagaccc icaggacgtg 120 

cggccaagtg tgttccalai calcaagclg ttcgttclgt gccacagcct gctgcagctg 180 

gcgcagctca igalctccgg clicclaaag agclccalct ccacaglgga gaagcgcttc 240 

ggcctctcca gccagacgic ggggctgclg gcclccttca acgagglggg gaacacagcc 300 

Hgatlgtgt Hgtgagcla tiHggcagc cggglgcacc gaccccgaat gattggctal 360 

ggggclatcc Hgtggccci ggcgggcclg ctcatgaclc IcccgcacH calctcggag 420 

ccataccgct acgacaacac cagccclgag gatalgccac aggacticaa ggcttccctg 480 

Igcctgccca caacctcggc cccagcctcg gcccrcicca alggcaaclg cicaagciac 540 

acagaaaccc agcalctgag Iglggtgggg atcalgitcg tggcacagac cclgclgggc 600 
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glgggcgggg Igcccallca gcccHlggc atctcclaca Icgatgactt Igcccacaac 660 
agcaactcgc ccclclaccl cgggaicclg lltgcagtga ccalgatggg gccaggcctg 720 
gcclltgggc tgggcagcct calgcigcgc cllUlglgg acallaacca galgccagaa 780 
ggiggtatca gcctgaccat aaaggacccc cgalgggtgg gtgcclgglg gclggglltc 840 
clcalcgclg ccgglgcagt ggccclggct gccatcccct actlcltcti ccccaaggaa 900 
algcccaagg aaaaacglga gcttcaglll cggcgaaagg Icllagcagl cacagaclca 960 
cctgccagga agggcaagga clctccctcl aagcagagcc clggggaglc cacgaagaag 1020 
caggalggcc laglccagat Igcaccaaac cigaclglga tccagllcal taaaglcltc 1080 
cccagggtgc igcigcagac cctacgccac cccalcltcc Igctgglggt cctgtxccag 1140 
glalgcttgl catccatggc tgcgggcaig gccacctlcc tgcccaagti cclggagcgc 1200 
cagllttcca Icacagcclc ctacgccaac ctgcicatcg gctgcctctc cllcccltcg 1260 
glcalcgtgg gcatcglggt ggglggcglc ctgglcaagc ggclccaccl gggccclglg 1320 
ggalgcgglg ccctltgcct gctggggatg clgctgtgcc Icllcttcag cclgccgctc 1380 
Itclllalcg gclgctccag ccaccagatt gcgggcatca cacaccagac caglgcccac 1440 
cclgggclgg agclglclcc aagctgcalg gaggcctgcl cctgcccall ggacggcttl 1500 
aaccclglct gcgaccccag caclcglglg gaalacalca caccclgcca cgcaggclgc 1560 
(caagctggg Igglccagga Igctctggac aacagccagg tlttctacac caaclgcagc 1620 
tgcglgglgg agggcaaccc cglgctggca ggalcctgcg aclcaacglg cagccatctg 1680 
glggtgccct icclgclcct gglcagcctg ggclcggccc tggcctgtct cacccacaca 1740 
ccclcctUa Igclcatcct aagaggaglg aagaaagaag acaagactll ggctgigggc 1800 
alccagltca Igtlcclgag galtllggcc iggalgccca gccccgtgat ccacggcagc 1860 
gccalcgaca ccacclglgl gcaclgggcc ctgagctglg ggcgtcgagc tgtclgtcgc 1920 
taclacaata algacctgcl ccgaaaccgg Itcalcggcc Iccagttcll ctlcaaaaca 1980 
ggllclglga tclgcllcgc ctlagtttlg gctgtcclga ggcagcagga caaagaggca 2040 
aggaccaaag agagcagalc cagccctgcc gtagagcagc aaltgctagl glcggggcca 2100 

4 
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<2I0> 3 
<21l> 4083 
<212> DMA 

<213> Homo sapience 
<400> 3 

aagtgaccca gggagacaaa cacltggaga tactlggggc tgagtilgag caagaclccc 
taacclglgl ctggacaagt clgaiglcct gtgtggccca agaagaactg accccgtgtc 
tggagctccc accgltaltg catccctgcl gtggclcacc tgclgclgtc Iccaggagcc 
cctgagaaga lllgcctcct clcccctgcl aagctccagg tcctgagalt gaattagggg 



clggagclca ctgcaclcca gcaglc 



a tg 
Met 

gac 
Asp 

ggc 
Gly 

ca I 
His 

gcg 
Ala 

gig 
Val 

gcc 
Ala 

age 
Ser 

ggg 
Gly 

cac 
His 



gga ccc 
Gly Pro 

aag gaa 
Lys GIu 



aaa 
Lys 



gcc 
Ala 



aac ate 
Asn lie 

cag c Ic 
Gin le\] 

gag aag 
Glu Lys 



tec 
Ser 

tat 

Tyr 

gc t 
Ala 



t tc 
Phe 

It I 
Phe 

ate 
lie 



itc ale 
Phe He 



agg 
Arg 

ace 
Thr 

age 
Ser 

aag 
Lys 

atg 
Met 

cgc 
Arg 

aac 
Asn 

ggc 
Gly 

ct t 
Leu 

teg 
Ser 



ata 
He 
5 

aaa 
Lys 

20 
cca 
Pro 

35 
ctg 
Leu 

50 
ate 
lie 

65 
Itc 
Phe 

80 
gag 
Glu 

95 
age 
Ser 
HO 
gtg 
Val 
125 
gag 
Glu 
140 



ggg 
Gly 

gcc 
Ala 

gac 
Asp 

t tc 
Phe 

t cc 
Ser 

ggc 
Gly 

gtg 
Val 

egg 
Arg 

gee 
Ala 

cca 
Pro 



cca 
Pro 

aca 
Thr 

cc I 
Pro 

gH 
Val 

ggc 
Gly 

e t c 
Leu 

ggg 
Gly 

gtg 
Val 

ctg 
Leu 

tac 
Tyr 



gcg ggl 
Ala Gly 

atg ggc 
Met Gly 

cag gac 
Gin Asp 

ctg tgc 
Len Cys 

lac eta 
Tyr Leu 

tec age 
Scr Ser 

aac aca 
Asn Thr 

cac cga 
His Arg 

gcg ggc 
Ala Gly 

cgc lac 
Arg Tyr 



gag 
Glu 

10 
aca 
Thr 

25 
gtg 
Val 

40 
cac 
His 

55 
aag 
Lys 

70 
cag 
Gin 

85 
gcc 
Ata 
100 
ccc 
Pro 
115 
ctg 
Leu 

130 
gac 
Asp 

145 



gta ccc cag 
Val Pro Gin 

gaa aac aca 
Glu Asn Thr 

egg cca agl 
Arg Pro Ser 

age ctg ctg 
Ser Leu Leu 

age tec ate 
Ser Ser He 

acg teg ggg 
Thr Ser Gly 



tig 
Leu 



alt 

He 



gig 
Val 



cga alg alt 

Arg Met He 

etc atg act 

Leu Wet Thr 

aac acc age 

Asn Thr Ser 



gta 
Yal 

eel 
Pro 

gtg 
Yal 

cag 
Gin 

tec 
Ser 

ctg 
Leu 

1 1 1 
Phe 

ggc 
Gly 

etc 
Leu 

cc t 
Pro 



cca 
Pro 

15 
gga 
Gly 

30 
t tc 
Phe 

45 
ctg 
Leu 

60 
aca 
Thr 

75 
clg 
Leu 

90 
gig 
Val 
105 
lat 
Tyr 
120 
ecg 
Pro 
135 
gag 
Glu 

150 



60 
120 
180 
240 
266 
311 

356 

401 

446 

491 

536 

581 

626 

671 

715 
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gal alg cca cag gac tic aag gel tec etg Igc ctg cec aca acc 761 
Asp Mel Pro Gin Asp Phe lys Ala Ser Leu Cys Leu Pro Thr Thr 
155 160 165 

leg gee cea gee leg gee cec tec aal ggc aac Igc lea age lac 806 
Ser Ala Pro Ala Ser Ala Pro Ser Asn Gly Asn Cys Ser Ser Tyr 
170 175 180 

aca gaa acc cag eat cig agt gig gig ggg ale alg ttc gig gca 851 
Thr Glu Thr Gin His Leu Scr Val Yal Gly lie Mel Phe Yal Ala 
185 190 195 

cag ace ctg etg ggc gtg ggc ggg gig ecc alt cag cec lit ggc 896 
Gin Thr Leu Leu Gly Val Gly Gly Val Pro lie Gin Pro Phe Gly 
200 205 210 

ale tec lac ale gal gac itt gee cac aae age aac leg ecc etc 941 
lie Ser Tyr 11c Asp Asp Phe Ala His Asn Ser Asn Ser Pro Leu 
215 220 225 

tae etc ggg ale clg ill gca gig acc atg alg ggg cca ggc ctg 986 
Tyr Leu Gly He Leu Phe Ala Val Thr Met Met Gly Pro Gly Leu 
230 235 240 

gee til ggg clg ggc age clc atg clg egc ctl tat gig gae all 1031 
Ala Phe Gly Leu Gly Ser Leu Met Leu Arg Leu Tyr Val Asp He 
245 250 255 

aac cag alg cca gaa ggt ggt ale age ctg acc ala aag gac cec 1076 
Asn Gin Mel Pro Glu Gly Gly He Scr Leu Thr He Lys Asp Pro 
260 265 270 

cga tgg gig ggt gcc tgg Igg ctg ggt Itc etc ale gel gcc ggt 1121 
Arg Trp Vai Gly Ala Trp Trp Leu Gly Phe Leu He Ala Ala Gly 
275 280 285 

gea gig gcc clg gel gcc ate cce lac lie tic He cce aag gaa 1166 
Ala Val Ala Leu Ala Ala He Pro Tyr Phe Phe Phe Pro Lys Glu 
290 295 300 

alg ecc aag gaa aai cirl gag ell cag tit egg cga aag glc Ita 1211 
Met Pro Lys Glu Lys Arg Clu Leu Gin Phe Arg Arg Lys Val Leu 
305 310 315 

gca gu aca gac ica ccl gcc agg aag ggc aag gac let ecc let 1256 
Ala Val Thr Asp Ser Pro Ala Arg Lys Gly Lys Asp Ser Pro Ser 
320 325 330 

aag cag age ccl 888 sag tec acg aag aag cag gat ggc ela gtc 1301 
Lys Gin Ser Pro Cly Clu Scr Thr Lys Lys Gin Asp Gly Leu Val 
335 340 345 

cag all gca cca aac ctg act gig ate cag lie alt aaa gtc tie 1346 
Gin He Ala Pro Asn Leu Thr Val He Gin Phe He Lys Val Phe 
350 355 360 

cce agg gtg etg clg cag acc ela cgc cac ecc ale tie ctg ctg 1391 
Pro Arg Val Leu Leu Gin Thr Leu Arg His Pro He Phe Leu Leu 
365 370 375 

gtg gtc clg tec cag gta Igc tig lea tec atg got gcg ggc atg 
Val Val Leu Ser Gin Yal Cys Leu Ser Ser Mel Ala Ala Gly Mci 
380 385 390 

gee acc lie clg cec aag He clg gag cgc cag III tec ate aca 1481 
Ala Thr Phe Leu Pro Lys Phe Leu Clu Arg Gin Phe Ser He Thr 



1436 



1571 
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395 400 405 

gcc ICC tac gcc aac clg etc ate ggc Igc etc tec tic ccl teg 1526 
Ala Ser Tyr Ala Asn Leu Leu lie Gly Cys Leu Ser Phe Pro Ser 
410 415 420 

glc aic gtg ggc ate gig gig ggt ggc gic ctg gtc aag egg etc 
Val lie Val Gly He Yal Vai Gly Cly Val Leu Val Lys Arg Leu 
425 430 435 

cac clg ggc eel gig gga tgc ggl gcc cll Igc ctg clg ggg alg 
His Leu Gly Pro Val Gly Cys Gly Ala Leu Cys leu Leu Cly Met 
440 445 450 

clg clg Igc clc lie tic age clg ccg do lie III ale ggc Igc 1661 
Leu Leu Cys Leu Phe Phe Ser Leu Pro Leu Phe Phe He Gly Cys 
455 460 465 

lee age cac cag all gcg ggc ale aca cac eag acc agl gcc cac 1706 
Ser Ser His Gin He Ala Gly He Thr His Gin Thr Ser Ala His 
470 475 480 

ccl ggg ctg gag clg Id eca age Igc alg gag gcc Igc tec tgc 1751 
Pro Gly Leu Glu Leu Ser Pro Ser Cys Met Glu Ala Cys Ser Cys 
485 490 495 

cca Itg gac ggc tit aac ccl glc Igc gac ecc age acl cgl gtg 1796 
Pro Leu Asp Gly Phe Asn Pro Val Cys Asp Pro Ser Thr Arg Yal 
500 505 510 

gaa tac ale aca ecc Igc cac gca ggc Igc lea age Igg gig glc 
Glu Tyr He Thr Pro Cys His Ala Gly Cys Ser Ser Trp Val Val 
515 520 525 

cag gal gel clg gac aac age cag gtt lie lac acc aac igc age 1886 
Gin Asp Ala Leu Asp Asn Ser Gin Val Pbe Tyr Thr Asn Cys Ser 
530 535 540 

Igc gig gtg gag ggc aac ecc gtg clg gca gga Ice tgc gac tea 1931 
Cys Val Yal Glu Gly Asn Pro Val Leu Ala Gly Ser Cys Asp Ser 
545 550 555 

acg tgc age cat clg gig gig ecc tie ctg etc clg gtc age clg 1976 
Thr Cys Ser Bis Leu Val Val Pro Phe Leu leu Leu Val Ser Leu 
560 565 570 

ggc leg gcc clg gcc Igl etc acc cac aca ecc tec tie alg etc 2021 
Gly Ser Ala Leu Ala Cys Leu Thr His Thr Pro Ser Phe Mel Leu 
575 580 585 

ale cla aga gga gtg aag aaa gaa gac aag acl Itg gel gig ggc 
lie Leu Arg Gly Val Lys Lys Glu Asp Lys Thr Leu Ala Val Gly 
590 595 600 

ale cag lie alg tic clg agg all tig gcc Igg alg ecc age ecc 2111 
Me Gin Phe Mel Phe Leu Arg He Leu Ala Trp Met Pro Ser Pro 
605 610 615 

gtg ale cac ggc age gcc ale gac acc acc tgl gig cac Igg gcc 2156 
Val He His Gly Ser Ala He Asp Thr Thr Cys Val His Trp Ala 
620 625 630 

ctg age tgl ggg cgl cga get glc tgl cgc lac tac aat aal gac 2201 
Leu Ser Cys Gly Arg Arg Ala Val Cys Arg Tyr Tyr Asn Asn Asp 
635 640 645 

clg clc cga aac egg tie ale ggc clc cag lie tie lie aaa aca 2246 



2066 
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2291 



2336 



2381 



2396 



Leu Leu Arg Asn Arg Phe lie Gly Leu Gin Phc Phe Phe Lys Thr 

650 655 660 

ggl Id gtg ate Igc ttc gcc tla gtt Itg gel gic ctg agg cag 
Gly Ser Val lie Cys Phe Ala Leu Val Leu Ala Val Leu Arg Gin 

665 670 675 

cag gac aaa gag gca agg ace aaa gag age aga lee age eel gcc 
Gin ASP Lys Glu Ala Arg Thr Lys Glu Ser Arg Ser Ser Pro Ala 

680 685 690 

gta gag eag caa lig eta gtg teg ggg cea ggg aag aag cea gag 
Val Glu Gin Gin Leu Leu Val Ser Gly Pro Gly Lys Lys Pro Glu 

695 700 705 

gat tec cga gtg iga 
Asp Ser Arg Val 
709 

gclgtcttgg ggccccaccl ggccaagagi agcagccaca gcagtacctc ctctgaglce 2456 
lllgcecaag atlggglgle aagagccctg tgltecaltc tggctcclcc actaaallgc 2516 
Igtglgaetl caggeaagac atlgatceic Ictcagcetl tgcltgciag tctgaaccaa 2576 
agagttgltl gggcalltgc tgtgtlggcc alltctggag caagagggtc ttctteclec 2636 
ttcccccagc eagccagetg Icetggggcc aggclltcet ggglggaaag aagtataccl 2696 
ttccctgggg ecclaggata gcaaagtgag ccaiaglggg ccaggclgcc clccatgctg 2756 
ggccccagcc caggtctgca ctcgcclgga tcaccllctt igagceltag ccatctcctg 2816 
tcaggtagga atgaacllgc cagcctlcag gctegtlcag ctalgaccat ctglgeggtc 2876 
aggglacact cagctetccl ccccaactcc agcagcetit aagaagtglc cctltggcgc 2936 
cccelggagg cagagcactg agctggaccc Igggiagact cccacaggga ggacggagct 2996 
ggcclcagga gtgggacacc eagacttggc agggcctlca agaggcelgt gtgggggccc 3056 
caggaatcet tagctgaagc ggggagactc aetclccalc tcaggaaalt clagcecttg 3116 
ceclcaggga gccaeggttg aggglgaggc ecaacacctg ccltagggcc ctgggtggge 3176 
aagtcigggc cclggggtag ggagggagac tcaggcecae actlgggtat Ittclaaltt 3236 
cagacaaaca caeactcage gcgeactcac Igatlcctac acallgccaa gatllcacac 3296 
algtgaccag gggccaccaa aglecetgig acctttgtga claggatcci aattlctcta 3356 
lltlctcctg ggtgcctggg ictgtgtcac ctggggcagi gtggalaatg Itlagllelg 3416 

tgacaclgtt Itttgggggi ggcacctggt Ictccgatgc clgggclggl glcaggccca 3476 

8. 
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ggaclglagi gctgggagca gtaaagclca gctclgtgla algagtgatg clatggcllg 3536 

clcgiglcti atgatccaal ccllttclac atcagccclt gltllgtttl atggclaglc 3596 

tlatclggcc Iggllatllc cllgcgggga ggagagggtt tgcUatclg clcccagccc 3656 

aacctattac caccccacci cgclgggacc laclgctcgg gaggcagcag acagggagcc 3716 

accagcaglg gctlcclggc cctgtgclgg gggtgggggg aagclggggg cacatglggc 3776 

cctlgcctlc Igagcagclc ccaglgccag ggclltgaga cttlcccaca Igalaaaaga 3836 

aaagggaggt acagaagllc caallccctt Ktatlttgc Iggitggtat ctgtaaatgt 3896 

Itaaiaaata tclgagcalg lalctaicaa cgccaagaal Itcaaagtcl ccttcaacaa 3956 

talgaggcll tlaggalgtt tatattcctt catccctctl gtlicccagg lltlgcaggg 4016 

aaaaaaaglc tggaaltala galacagcll allattaaat llgtlctlgc alaaaaaaaa 4076 
aaaaaaa ^^^^ 
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